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D scripti n 

Technical Field 

This invention relates to a solid polymer fuel 
cell power system, and more particularly to a pas- 
sive water management system for a solid polymer 
fuel cell stack. 

Background Art 

Fuel cells which include a solid polymer elec- 
trolyte membrane are known in the prior art. This 
type of fuel cell operates best when the electrolyte 
membrane is kept moist with water because the 
membrane will not operate efficiently when it is 
dry. During operation of the cells, water is dragged 
through the membrane from the anode side to the 
cathode side along with proton movement through 
the membrane. This phenomenon tends to dry the 
anode side of the membrane, and also tends to 
create a water film on the cathode surface of the 
membrane. The cathode surface will be further 
wetted by product water which is formed in the 
electrochemical reaction and appears on the cath- 
ode surface. Thus water must be supplied to the 
anode side of the membrane to prevent drying, but 
water must be removed from the cathode side to 
prevent a film of water from forming on the mem- 
brane surface which blocks access of the oxygen 
reactant to the membrane. In order to ensure that 
oxygen can flow through to the cathode surface of 
the membrane, a wetproofed sheet of carbon paper 
is juxtaposed to the cathode surface of the mem- 
brane. The paper sheet is porous so as to allow 
oxygen to diffuse through to the membrane, but the 
wetproofing causes the water which appears on the 
cathode surface to be unable to wet the paper. The 
water thus tends to flow through the paper along 
restricted flow paths, and beads up on the outside 
surface of the paper remote from the membrane. In 
the prior art this beaded water was wicked off of 
the paper by a fibrous wick which extended around 
the edges of the paper and led to a porous ceramic 
block. The stack of the prior art thus included a 
fibrous wick for each cell and the porous ceramic 
block common to all the cells which held the water. 
This arrangement makes edge sealing of the cells 
very difficult, thus there was frequent reactant cros- 
sover at the cell margins with resultant fires. 

In DE-A-3 323 491 a fuel cell stack is disclosed 
having the anode and cathode chamber of each 
cell delimited with separator plates. The separator 
plate on the cathode side is provided with a 
water/gas separator means. Product water may 
penetrate through the gas/ water separator means, 
while non consumed oxygen may not. 



In US-A-4,729,932 a fuel cell structure is dis- 
closed bounded at the cathode side thereof with a 
gas/water separator which is permeable to water 
but impermeable to oxydant gas flow. 

5 

Disclosure Of The Invention 

The cell and stack construction of this invention 
ensures that water which appears on the cathode 
w surface of the cells will be drawn off of the wet- 
proofed paper layer by porous oxygen flow field 
plates abutting the paper layer. Separator plates 
interposed between each cell assembly in the 
stack are impervious to the water in the oxygen 
75 flow field plate. Reactant pressure in the oxygen 
stream forces the water in the oxygen flow field 
plates to move laterally in plane in the plates to the 
margins thereof. Reactant sealing bubble barrier 
plates are disposed at the marginal edges of the 
20 cell plates to prevent reactant crossover. These 
bubble barrier seals are porous plates whose pores 
are filled with water. Water conduits are formed 
integrally in the cell plate structures outwardly adja- 
cent to the bubble barrier seals. The water in the 
25 oxygen flow field plates is forced by oxygen reac- 
tant pressure into the bubble barrier seals and 
thence into the water conduits where the water is 
removed from an end of the stack through drain 
pipes which communicate with the internal water 
30 conduits. The stack is cooled by intermittent car- 
bon cooling plates which carry heat outward to the 
edges of the stack to cooling fins or the like moun- 
ted on the sides of the stack. 

It is therefore an object of this invention to 
35 provide an improved solid polymer electrolyte fuel 
cell system which uses passive water management 
to remove product water from the cells. 

It is a further object of this invention to provide 
a fuel cell system of the character described 
40 wherein product water is removed from the cathode 
side of each cell so as to prevent smothering of the 
cathode by product water collecting on the surface 
of the electrolyte membranes. 

It is another object of this invention to provide 
45 a fuel cell : system of the character described 
wherein product water is removed from the cells 
through the lateral gas seals in the cells. 

It is an additional object of this invention to 
provide a fuel cell system of the character de- 
50 scribed wherein the product water is carried away 
from the electrolyte membrane by a porous cell 
plate component and moved through bubble barrier 
seals by means of reactant gas pressure in the 
cathode side of the cells. 
55 These and other objects and advantages of the 

invention will become more readily apparent from 
the following detailed description of a preferred 
embodiment thereof, when taken in conjunction 
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with the accompanying drawings, in which: 

Brief Description Of The Drawings 

FIGURE 1 is a schematic view of a preferred 
embodiment of the fuel cell system of this in- 
vention; 

FIGURE 2 is a perspective view of a anode flow 
field plate of a cell formed in accordance with 
this invention; 

FIGURE 3 is a perspective view of a cathode 
flow field plate of a cell operating in accordance 
with this invention; 

FIGURE 4 is a fragmented sectional view of one 
of the cell subassemblies perpendicular to an 
edge thereof; 

FIGURE 5 is a perspective view of one of the 
end plates used in a cell stack formed in accor- 
dance with this invention; 
FIGURE 6 is a perspective view of a stack 
utilizing cell structure formed in accordance with 
this invention; and 

FIGURE 7 is a plot showing the oxygen pres- 
sure differential as a function of cell current and 
product water volume. 

Best Mode For Carrying Out The Invention 

Referring now to the drawings, there is shown 
in Figure 1 a schematic representation of the fuel 
cell power plant of this invention. The power plant 
which is a compact assembly suitable for use in 
the form of a backpack for space station applica- 
tions or the like, includes a stack 2 which is cooled 
by strap-on coolers or fins 4 or the like. The stack 
2 has reactant purge outlets 6 and 8 for use in start 
up. The outlets 6 and 8 are typically closed during 
extended operation of the system. Reactant supply 
tanks 10 and 12 will be located externally of the 
stack 2. The tanks 10 and 12 can be carried about 
in a sling or the like and hooked up to the stack 2 
whenever the need to use the power plant occurs. 
The power plant thus is a portable system which 
can be used in space applications. The reactants 
can be derived from onboard electrolysis cells 
which are run by solar panels. A tank 14 is pro- 
vided to receive the product water formed by the 
chemical reaction. This product water will be re- 
turned to the electrolysis cells for reconversion to 
hydrogen and oxygen. It will be noted that the 
system is completely passive and requires no mov- 
ing parts (except for the purge valves which can be 
operated manually) to produce electrical power. 
Reactant and water flow is accomplished by reac- 
tant pressure. 

Referring to Figures 2 and 3, there are shown 
the anode and cathode reactant flow field plates, 
denoted generally by the numerals 16 and 18, 



respectively. It will be understood that the surfaces 
of the plates 16 and 18 which are shown in Figures 
2 and 3 each face the electrolyte membrane which 
will be interposed between the plates 16 and 18 in 

5 the assembled cells. The extent of the electrolyte 
membrane is shown by the phantom line 19 in 
Figure 3. The anode plate 16 is formed from a 
pressed, sintered and graphitized mixture of carbon 
particles and binder. The plate 16 includes a cen- 

10 tral flow field portion 20 which has a network of 
lands and grooves. A hydrogen inlet passage 22 is 
formed with an adjacent notch 24 to allow hy- 
drogen flowing through the inlet passage 22 to 
permeate the flow field portion's grooves. A hy- 

75 drogen outlet passage 26 and notch 28 are dis- 
posed diagonally opposite the inlet passage 22 for 
use only during the initial purging of the anode side 
of the stack 2. Once purged, the hydrogen side of 
the stack 2 is dead-ended. Oxygen flow passages 

20 30 and 32 are also included in opposite corners of 
the anode plate 16. On each side of the flow field 
portion 20 there are provided a plurality of water 
flow passages 34 and 36 through which product 
water flows out of the cathode sides and out of the 

25 stack 2 to the product water tank 1 4. 

The cathode plate 18 also has a central flow 
field portion 38 formed with a network of grooves 
and lands. An oxygen inlet passage 40 with asso- 
ciated notch 42 is disposed in one corner of the 

30 plate 18, and an oxygen outlet passage 44 with 
associated notch 46 is disposed in the diagonally 
opposite corner of the plate 18. The passage 40 
registers with the passage 30 in the plate 16, while 
the passages 44 and 32 also register with each 

35 other when the plates 16 and 18 are assembled to 
form a cell. Hydrogen passages 48 and 50 are also 
included in opposite corners of the plate 18. At 
opposite edges of the flow field portion 38 there 
are disposed porous bubble barrier seal areas 52 

40 and 54. These areas are filled with water to form a 
seal to prevent the reactant gases from diffusing 
through the edges of the plate 18. This prevents 
reactant combustion from occurring. A plurality of 
slots 56 and 58 are disposed in the seal areas 52 

45 and 54, respectively. The slots 56 and =58 collect- 
product water migrating through the bubble barrier 
seal areas 52 and 54, and the passages 56 and 58 
align with the passages 34 and 36 to provide 
passageways through the stack for drawing product 

so water therefrom. It will be noted from Fig. 3 that the 
margin 19 of the membrane extends beyond all of 
the openings in the plates 16 and 18, thus the 
membrane will also require matching openings to 
be formed therein. 

55 Referring now to Figure 4, there is shown a 

cross section of one of the cell structures utilizing 
the invention. As is shown, the electrolyte mem- 
brane 64 is sandwiched between the flow field 
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plates 16 and 18. A wetproofed carbon paper sheet 
66 is interposed between the cathode surface of 
the membrane 64 and the cathode flow field plate 
18. The paper sheet 66 has a number of internal 
water flow paths 68 which are formed as the cell 
operates, by the pressure of the water appearing 
on the cathode surface of the membrane 64. Water 
is thus drawn away from the cathode surface of the 
membrane 64 via the flow paths 68 to the lands 17 
on the cathode flow field plate 18. The paper 66 is 
sufficiently porous so that oxygen can diffuse from 
the grooves 15 of the plate 18 through the paper 
66 to the cathode surface of the membrane 64. 
Thus product water flows through the paper layer 
66 in one direction while oxygen flows through the 
layer 66 in the other direction. The water is ab- 
sorbed into the plated 18 from the surface of the 
paper 66 through the lands 17. The water which is 
entrained in the plate 18 is pumped outwardly 
through the plate 18 by the pressurized oxygen in 
the flow field. The oxygen pressure is preferably 
maintained at a pressure differential of about 0.103 
N*mm -2 (15 psi) above the product water tank 
pressure, but the pressure differential can vary 
between about 0.069 N»mm" 2 (10 Psi) and about 
0.241 N*mm -2 (35 psi). As previously noted, the 
water collects in the grooves 56 and exits the stack 
via the passages 34, 60. The membrane 64, as 
noted also has water passages 65, and the paper 
layer 66 has aligned water passages 67. 

The plate 70 is a dense carbon 
cooler/separator plate which is also provided with 
all of the necessary passage ports, one of which is 
a water drain passage 72. There will be one such 
plate 70 between each cell assembly to prevent 
reactant crossover between adjacent cells, and to 
conduct heat outwardly through the stack 2 to the 
external coolers 4. 

Referring to Figures 5 and 6, the end cover 
plate of the stack 2 is shown. The plate, designated 
generally by the numeral 74, is shown looking at its 
inside surface in Figure 5, and is shown from the 
outside on the stack 2 in Figure 6. The plate 74 is 
provided with an inner rubber pad 75 for sealing 
against any water which; may form adjacent to the 
plate 74. The openings 78, 80, 82 and 84 receive 
the reactant feed lines 86, 88, 90 and 92 „ respec- 
tively, as shown in Figure 6. The openings 94 and 
96 receive water drainage pipes 98 and 100 shown 
in Figure 6. The openings 102 in the plate 74 
receive tie rod assemblies 104 as shown in Figure 
6. 

Figure 7 is a plot of amps per 92903 mm 2 
(amps per square foot) and cubic centimeters of 
water produced per hour, equated to the pressure 
differential between the oxygen reactant in the 
stack and the water tank. The built-in bubble pres- 
sure is also noted on the graph. Figure 7 shows 



that satisfactory current can be achieved by the 
system, and the product water can be removed, 
while maintaining the bubble barrier gas seal at the 
edge of the stack. 

5 It will be readily appreciated that the stack of 

this invention is readily adaptable to use as a 
portable electrical energy source in a space ap- 
plication or the like. The stack operates without any 
moving parts, save the purge valves, relying on gas 

10 pressure to move product water out of the active 
cell area. Conventional bubble barrier technology 
can be used to form gas seals at the edges of the 
cells through which seals water can be pumped. 
Since many changes and variations of the dis- 

75 closed embodiment of the invention may be made 
without departing from the inventive concept, it is 
not intended to limit the invention otherwise than is 
required by the appended claims. 

20 Claims 

1. A stack (2) of solid polymer fuel cells, said 
stack comprising: 

a) a plurability of fuel cells stacked one atop 
25 the other and each comprising a solid poly- 
mer electrolyte membrane (64); a hydrogen 
flow field plate (16) on an anode side of 
said membrane (64) and an oxygen flow 
field plate (18) on a cathode side of said 

30 membrane (64), each of said oxygen flow 

field plate (18) being permeable to water 
flow; 

b) porous gas sealing plate means (52,54) 
forming a water filled barrier to reactant gas 

35 passage, said barrier surrounding each of 

said oxygen flow field plates (18) and abut- 
ting marginal edges of the latter; 

c) said oxygen flow field plates (18) being 
operable to remove water from a surface of 

40 porous carbonized wetproofed paper sheets 

(66) abutting the cathode surface of said 
membranes (64), and being operable by 
reason of oxygen reactant pressure to pass 
the removed water into said porous gas 

45 sealing plate means (52,54); and v • =• 

d) water passageway means 
(34,36,56,58,65,67,72,94,96) in the stack (2) 
communicating with all of said porous gas 
sealing plate means (52,54) and operable to 

50 duct water from said porous gas sealing 

plate means (52,54) to an end of the stack 
(2) for removal therefrom. 

2. The stack (2) of Claim 1, wherein said mem- 
55 branes (64) extend beyond the margin of said 

hydrogen (16) and oxygen (18) flow field 
plates, and include apertures (65) forming a 
part of said water passageway means 
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(34,36,56,58,65,67,72,94,96), which apertures 
are edge sealed by the membrane material. 

3. The stack (2) of Claim 2, wherein said water 
passageway means is formed by a plurality of 
aligned apertures (34,36,65,67,72,94,96) 
formed in margins of the stack and by slots 
(56,58) formed in the porous gas sealing plate 
means (52,54) aligned with said apertures. 

4. The stack (2) of any one of claims 1 to 3, 
comprising a gas impervious separator plate 
(70) interposed between each cell and the cells 
adjacent thereto. 

5. The stack (2) of any one of claims 1 to 4, 
further comprising a plurability a carbon heat- 
conducting plates interspersed throughout said 
stack (2) and operable to conduct heat from 
the cells in said stack to heat dissipating 
means (4) on an outside surface of said stack. 

PatentansprUche 

1. Festpolymerbrennstoffzellen-Stapel (2) aufwei- 

send: 

a) eine Mehrzahl an Brennstoffzellen, die 
aufeinander gestapelt sind und von denen 
jede eine Festpolymer-Elektrolytmembran 
(64), eine Wasserstoffstromungsfeldplatte 
(16) an einer Anodenseite der Membran 
(64) und eine Sauerstoffstromungsfeldplatte 
(18) an einer Kathodenseite der Membran 
(64) aufweist, wobei jede der Sauerstoffstro- 
mungsfeldplatten (18) durchlassig fur Was- 
serfluS ist; 

b) eine porose Gasdichtplatteneinhchtung 
(52,54), die eine wassergefullte Sperre ge- 
gen Reaktionsgasdurchtritt bildet, wobei die 
Sperre jede der Sauerstoffstromungsfeld- 
platten (18) umgibt und an Kanten am Rand 
der letzteren angrenzt; 

c) wobei die Sauerstoffstrbmungsfeldplatten 
(18) bei Betrieb wirksam sind, Wasser von 
einer Oberflache von porosen, karbonisier*, 
ten, nassefesten Papierlagen (66), die an 
die Kathodenoberflache der Membranen 
(64) angrenzen, zu entfernen, und wegen 
des Sauerstoffreaktionsmitteldrucks bei Be- 
trieb wirksam sind, das entfernte Wasser in 
die porose Gasdichtplatteneinrichtung 
(52,54) durchtreten zu lassen; und 

d) eine Wasserdurchgangseinrichtung 
(34,36,56,58,65,67,72,94, 96) in dem Stapel 
(2), die mit alien porosen Gasdichtplatten- 
einrichtungen (52,54) in Verbindung steht 
und bei Betrieb wirksam ist, Wasser von der 
porosen Gasdichtplatteneinrichtung (52,54) 



zu einem Ende des Stapels (2) zwecks Ent- 
fernung daraus zu leiten. 

2. Stapel (2) nach Anspruch 1, bei dem sich die 
5 Membranen (64) uber den Rand der 

Wasserstoff-(1 6) und Sauerstoff-(1 8)- 
Stromungsfeldplatten erstrecken und Offnun- 
gen (65) besitzen, die einen Teil der Wasser- 
durchgangseinrichtung 
w (34,36,56,58,65,67,72,94,96) bilden, wobei die 

Offnungen durch das Membranmaterial kanten- 
gedichtet sind. 

3. Stapel (2) nach Anspruch 2, bei dem die Was- 
15 serdurchgangseinrichtung gebildet ist von ei- 
ner Mehrzahl ausgerichteter Offnungen 
(34,36,65,67,72,94,96), die in Randern des Sta- 
pels ausgebildet sind, und von Schlitzen 
(56,58), die in der porosen Gasdichtplattenein- 

20 richtung (52,54) ausgebildet sind, ausgerichtet 

mit den Offnungen. 

4. Stapel (2) nach einem der AnsprOche 1 bis 3, 
aufweisend eine gasundurchlassige Separator- 

25 platte (70), die zwischen jeder Zelle und den 

dazu benachbarten Zellen eingelegt ist. 

5. Stapel (2) nach einem der AnsprOche 1 bis 4, 
weiterhin aufweisend eine Mehrzahl an warme- 

30 leitenden Kohleplatten, die uberall in dem Sta- 

pel (2) verteilt sind und bei Betrieb wirksam 
sind, Warme von den Zellen in dem Stapel zu 
einer Warmeverteilungseinrichtung (4) an einer 
auBeren Oberflache des Stapels zu Oberfuh- 

35 ren. 

Revendications 

1. Pile a cellules combustible (2) a polymere 
40 solide, ladite pile comprenant; 

a) une pluralite de cellules combustibles 
empires les unes sur les autres et compre- 
nant chacune une membrane d'electrolyte a 
polymere solide (64), une plaque de champ 

45 d*6coulement d'hydrogene (16) situSe sur 

un cote d'anode de ladite membrane (64) et 
une plaque de champ d'6coulement d'oxy- 
gene (18) situee sur un cote de cathode de 
ladite membrane (64), chacune desdites 

50 plaques de champ d'6coulement d'oxygene 

(18) etant permeable a un £coulement 
d'eau; 

b) des moyens formant plaque etanche aux 
gaz (52, 54) constituant une barriere remplie 

55 d'eau contre un passage de gaz reactif, 

ladite barriere entourant chacune parmi les- 
dites plaques de champ d'ecoulement 
d'oxygene (18) et buttant contre des bordu- 
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res de ces dernieres; 

c) lesdites plaques de champ d'ecoulement 
d'oxygene (18) etant susceptible de fonc- 
tionner pour eliminer I'eau d'une surface de 
feuilles de papier carbone poreuses (66) 5 
etanches a I'eau buttant contre la surface 

de cathode desdites membranes (64) et 
6tant susceptible de fontionner en raison de 
la pression reactive d'oxygene pour faire 
passer I'eau eliminee dans lesdites moyens w 
formant plaque poreuse etanche aux gaz 
(52,54), et 

d) des moyens de passage d'eau (34, 36, 
56, 58, 65, 67, 72, 94, 96) situes dans la 

pile (2), communiquant avec tous lesdits 15 
moyens formant plaque poreuse etanche 
aux gaz (52, 54) et susceptibles de fonction- 
ner pour evacuer I'eau depuis lesdits 
moyens formant plaque etanche aux gaz 
(52, 54), vers une extremite de la pile (2) 20 
pour Teliminer de cette derniere. 

2. Pile (2) selon la revendication 1, dans laquelle 
lesdites membranes (64) s'etendent au-dela de 

la bordure desdites plaques de champ d'ecou- 25 
lement d'hydrogene (16) et d'oxygene (18) et 
comprennent des ouvertures (65) formant une 
partie desdits moyens de passage d'eau (34, 
36, 56, 58, 65, 67, 72, 94, 96), ces ouvertures 
etant fermees hermetiquement lateralement 30 
par le materiau de membrane. 

3. Pile (2) selon la revendication 2, dans laquelle 
ledit moyen de passage d'eau est constitue 
d'une pluralite d'ouvertures alignees (34, 36, 35 
65, 67, 72, 94, 96) menagees dans des bordu- 

res de la pile et de fentes (56, 58) menagees 
dans les moyens formant plaque poreuse etan- 
che aux gaz (52, 54), alignees avec lesdites 
ouvertures. 40 

4. Pile (2) selon Tune quelconque des revendica- 
tions 1 a 3, comprenant une plaque separatrice 
impermeable (70) disposee entre chaque cellu- 
le et les cellules lui etant adjacentes. 45 

5. Pile (2) selon I'une quelconque des revendica- 
tions 1 a 4, comprenant en outre une pluralite 
de plaques en carbone conductrices de la cha- 
leur, distributes dans ladite pile (2) et suscep- 50 
tibles de fonctionner pour evacuer de la cha- 

ieur depuis les cellules presentes dans ladite 
pile, vers un moyen de dissipation de chaleur 
(4) situe sur une surface exterieure de ladite 
pile. 55 
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